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Abstract: Random amplified polymorphic DNA (RAPD) and intersimple sequence repeat (ISSR) markers were used for comparative
analysis of genetic variation in 42 sugar beet accessions. A total of 24 polymorphic primers (12 RAPD and 12 ISSR) were used. The RAPD
primers generated 204 amplification products and the ISSR primers produced 178 fragments, 190 and 173 of which were polymorphic,
respectively. The average polymorphism level with the ISSR markers (97.2%) was higher than that with the RAPD primers (93%). High
genetic diversity indices for both marker types (0.86 for RAPD and 0.91 for ISSR) suggested that these methods were equally effective
in determining genetic variation in sugar beet accessions. Cluster analysis of the RAPD, ISSR, and combined datasets revealed similar
grouping patterns. However, the dendrogram created from analysis of the combined RAPD+ISSR data was more similar to the RAPDonly dendrogram than the ISSR-only analysis, indicating that RAPD could determine genetic diversity with higher resolution than ISSR
in the cultivars tested. High correlation between the RAPD and ISSR marker systems was shown using a Mantel test (r = 0.92). Screening
a higher number of anonymous loci in sugar beet using these molecular markers will enable the selection of the best parent cultivars for
the development of novel varieties.
Key words: Sugar beet, genetic diversity, molecular markers, RAPD, ISSR

1. Introduction
Sugar beet has been cultivated since the 18th century
and is used extensively worldwide for sugar production
(Smith, 1987). The development of sugar beet from
fodder beet and leaf beet progenitors has been described
(Fischer, 1989). Sugar beet is an obligate cross-pollinated
species. Its breeding has mainly relied on mass selection
(McGrath et al., 1999). Nevertheless, hybrid development
through specific breeding programs has recently assumed
importance to exploit heterosis. Characterization of
parental forms is the most labor- and time-intensive aspect
of hybrid production programs. To effectively devise
breeding programs, information on the genetic diversity
(GD) and relationships between sugar beet accessions is
essential to allow selection of parents with desirable traits.
GD in sugar beets and related species and subspecies
has been examined at a number of levels. For instance,
quantitative root traits were used to evaluate GD in sugar
beet populations from 3 different breeding programs
(Curcic et al., 2013). Isozyme polymorphisms indicated
that there are significant differences between fodder beet
and sugar beet, but not between monogerm sugar beet
and multigerm sugar beet (Nagamine et al., 1989). In
* Correspondence: mehraj_genetic@yahoo.com

recent years, the methods for detection and evaluation
of GD have ranged from analysis at the morphological
trait level to biochemical and molecular investigation.
Molecular markers in particular are valuable for the rapid
and reliable characterization of GD and are an important
prerequisite for the efficient protection and conservation
of genetic resources and their targeted exploitation in
plant breeding (Jarvis et al., 2000). Currently, at least 15
types of DNA markers are used for molecular genetic
analysis of plant genomes. Popular molecular markers
for diversity analysis include restriction fragment length
polymorphism (RFLP), cleaved amplified polymorphic
sequence (CAPS), sequence-tagged site (STS), simple
sequence repeat (SSR), single nucleotide polymorphism
(SNP), random amplified polymorphic DNA (RAPD),
sequenced characterized amplified region (SCAR),
amplified fragment length polymorphism (AFLP), and
intersimple sequence repeat (ISSR) markers (Khlestkina
and Salina, 2006; Babayeva et al., 2009; Ateş Sönmezoğlu
et al., 2012). RAPD and ISSR markers have a number of
advantages for use in the detection of genetic variation
such as technical simplicity, rapidity of assay, minimal
DNA requirements, and low assay cost. In addition, no

429

IZZATULLAYEVA et al. / Turk J Biol

prior knowledge about the sequence under investigation
is required. RAPD and ISSR markers have been used
successfully in diversity analysis of a number of crops
(Aliyev et al., 2007; Eshghi et al., 2012; Liao et al., 2012;
Surgun et al., 2012). Development and use of molecular
markers for diversity evaluation and breeding in sugar
beet is relatively novel. RAPD and microsatellite markers
were previously applied to sugar beet (Beta vulgaris) for
germplasm identification and genome mapping (Uphoff
and Wricke, 1995; Richards et al., 2004); however, only
limited ISSR sugar beet data are publicly available. It is
therefore of key importance that GD databases for sugar
beet be extended using RAPD and ISSR markers.
In the current study, we evaluated RAPD and ISSR
markers to assess and analyze the level of genetic variation
within sugar beet collections and to determine the genetic
relationships between accessions.

2. Materials and methods
2.1. Plant material
Forty-two genotypes of sugar beet (Beta vulgaris L.) of
diverse origin with different phenotypic traits were used
for molecular genetic studies. The varieties were obtained
from the All-Russian Institute of Plant Industry and from
the Genetic Resources Institute of the Azerbaijan National
Academy of Sciences. The names and the origins of the
samples are shown in Table 1.
2.2. DNA extraction
Genomic DNA was extracted from germinated seeds using
a CTAB protocol (Torres et al., 1993). DNA quality was
checked using agarose gel electrophoresis. DNA quality
and quantity were determined by spectrophotometer
(Thermo Scientific, Genesys 10 S UV-Vis) and samples
were diluted to a final concentration of 50 ng/µL.

Table 1. The name and the origin of the sugar beet accessions.
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No.

Accessions

Origin

No.

Accessions

Origin

1

Sakharnaya VNIISP-1

Russia

22

9648

Iran

2

G.R.N.

France

23

7901

Iran

3

A.m№ 1

United Kingdom

24

9586

Iran

4

C. Turzii 34

Romania

25

9296

Iran

5

P.P. 34 mm

Russia

26

9625

Iran

6

G.W.H.

Bulgaria

27

9588

Iran

7

Zwanesse-3

Netherlands

28

9634

Iran

8

16126- MOS

Germany

29

8155

Iran

9

Buraki cukrove

Poland

30

9606

Iran

10

Ramonskaya 125

Russia

31

9623

Iran

11

Uladovsky 120

Ukraine

32

9583

Iran

12

Monomarcom

France

33

9656

Iran

13

Ramonskaya odn. 9

Russia

34

9641

Iran

14

Non-Uki 400

Japan

35

9665

Iran

15

Verhnyachskaya odn 36

Ukraine

36

8148

Iran

16

Verhnyachskaya 126

Ukraine

37

9565

Iran

17

Ivanovskaya odn.31

Ukraine

38

9621

Iran

18

М-2

Russia

39

9585

Iran

19

HelleshoqPoliploid

England

40

9597

Iran

20

Cukorrepa

Hungary

41

9597-P-26

Iran

21

Ximona

Germany

42

9569-P-26

Iran
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2.3. PCR analysis
A total of 12 RAPD and 12 ISSR primers were used
(Integrated DNA Technologies) (Table 2). PCR reactions
with RAPD and ISSR primers were carried out in 25-µL
reactions containing 2 µL (50 ng) of genomic DNA, 2.5
µL of PCR buffer (10X) containing MgCl2 (15 mM), 1 µL
of 10 mM dNTPs, 0.2 µL of Taq DNA polymerase (3 U/
µL), and 2 µL (15 ng) of each primer. PCR with RAPD
primers was performed in a T100 thermal cycler (BioRad) as follows: predenaturation at 94 °C for 4 min; 35
cycles of denaturation at 94 °C for 1 min, annealing at 35
°C for 1 min, and extension at 72 °C for 3 min; and final
extension at 72 °C for 10 min. Amplification with ISSR
primers was performed under the following conditions:
initial denaturation at 94 °C for 7 min; 35 cycles of
denaturation at 94 °C for 1 min, annealing at 54 °C for 1
min, and extension at 72 °C for 3 min; and final extension
at 72 °C for 10 min.
2.4. Data analysis
Amplified fragments were presented in a matrix form of
binary data, in which the ‘presence’ or ‘absence’ of PCR
fragments with the same molecular weight was scored as 1
or 0, respectively. The GD index was calculated according
to Weir (1990):
n

H =1− ∑ pi2 ,
i

where H = GD index and pi = frequency of alleles.

Cluster analysis was performed using the unweighted
pair-group method with arithmetical average (UPGMA)
and dendrograms were constructed on the basis of Nei’s
genetic distance index (1978) for RAPD and Jaccard’s
genetic similarity index (1908) for ISSR. To assess the
validity of the correlation between the matrices, the
Mantel (1967) test was used. Statistical analysis was
performed using PowerMarker (Liu and Muse, 2005) and
SPSS (2003) software packages.
3. Results
3.1. RAPD analysis
Twenty-five arbitrary decamer RAPD primers were
prescreened and 12 primer sets that provided satisfactory
and reproducible amplification products were selected
for use in this study. The 12 primers yielded a total of 204
amplified fragments from 42 sugar beet accessions (Table
3). The main area of distribution of fragments was located
in the range of 200–3000 bp (Figure 1). Fourteen fragments
were monomorphic and 190 were polymorphic. The
average number of scorable bands produced per primer was
17 (range: 11–20), and the average number of polymorphic
fragments per primer was 15.8. Polymorphism rate was
primer-dependent and averaged 93% (range: 64.7%–
100%). The GD indices, which reflect allele diversity and
frequency, varied among the accessions and primer types,
but were generally higher for the RAPD loci than the ISSR
primers. GD values ranged from 0.77 (A08) to 0.93 (A14
and OP-S4), with a mean of 0.86.

Table 2. List of primers and their nucleotide sequences. Y = (C or T), R = (A or G).
No.

RAPD-primers

Sequence (5’-3’)

ISSR-primers Sequence (5’-3’)

1

OP-S4

CACCCCCTTG

UBC864

ATGATGATGATGATGATG

2

OP-G6

GTGCCTAACC

UBC859

TGTGTGTGTGTGTGTGRC

3

OP-B10

CTGCTGGGAC

UBC857

ACACACACACACACACYG

4

OP-F15

CCAGTACTCC

UBC814

CTCTCTCTCTCTCTCTA

5

A04

AATCGGGCTG

UBC855

ACACACACACACACACYT

6

A05

AGGGGTCTTG

UBC853

CTCTCTCTCTCTCTCRT

7

A07

GAAACGGGTG

UBC851

GTGTGTGTGTGTGTGTYG

8

A08

GTGACGTAGG

UBC848

CACACACACACACACARG

9

A09

GGGTAACGCC

UBC847

CACACACACACACACARC

10

A14

TCTGTGCTGG

UBC845

CTCTCTCTCTCTCTCTRG

11

A19

CAAACGTCGG

UBC842

GAGAGAGAGAGAGAGAT

12

A20

GTTGCGATGC

UBC840

GAGAGAGAGAGAGAGAYT
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RAPD primers

Total number of bands
amplified

Polymorphic
bands

Percentage of
polymorphism

Genetic diversity index

ISSR primers

Total number of bands
amplified

Polymorphic
bands

Percentage of
polymorphism (%)

Genetic diversity index

Table 3. Number of bands, polymorphism, and genetic diversity detected by RAPD and ISSR markers.

OP-S4

20

19

95

0.93

UBC864

14

14

100

0.96

OP-G6

20

18

90

0.89

UBC859

17

17

100

0.97

OP-B10

17

11

64.7

0.79

UBC857

17

13

76.47

0.72

OP-F15

18

15

83.3

0.90

UBC814

16

16

100

0.92

A04

20

20

100

0.85

UBC855

17

17

100

0.97

A05

13

12

92.3

0.84

UBC853

17

17

100

0.97

A07

11

10

90.9

0.84

UBC851

12

12

100

0.93

A08

14

14

100

0.77

UBC848

15

15

100

0.95

A09

19

19

100

0.89

UBC847

16

16

100

0.95

A14

18

18

100

0.93

UBC845

16

16

100

0.94

A19

18

18

100

0.92

UBC842

10

9

90

0.86

A20

16

16

100

0.82

UBC840

11

11

100

0.76

Total

204

190

-

Total

178

173

-

-

Mean

17

15.83

0.86

Mean

14.8

14.4

97.2

0.91

93.02

Figure 1. Electrophoretic profile of PCR products using A05 RAPD
primer for 42 sugar beet genotypes.

The lowest genetic distance value was calculated as
0.03 between 9569-P-26 and 9597-P-26, and the highest
value was noted between Verkhnyachskaya 126 and
Buraki cukrove (0.24).
The distance matrix was subjected to UPGMA
clustering to generate a dendrogram. The dendrogram
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separated sugar beet genotypes into 5 clusters (Figure 2).
RAPD markers were able to completely separate sugar
beets of Iranian origin from other genotypes, placing them
in 2 distinct clusters. The remaining clusters contained
sugar beet accessions of diverse origin. The third and fifth
clusters contained genotypes from 6 different countries
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Cluster 1

9623
9583
9641
Cluster 2

9586 9656

9606

8155
9634

9296

9625

9588
9665

7901

9565
8148 9597

9648

9621

P.P.34 mm

9585
9569-P-26

Ramonskaya odn-9

Zwanesse3
G.W.H

Monomarcom

A.m №1

Uladovsky 120
Ramonskaya 125

C. Turzii 34 G.R.N

Buraki cukrove

Cluster 3 Sakhamaya VNIISP-1
Hellesho poliploid
Cukorrepa
Khimona
0.1

9597
- P -26

Cluster 4 Ivanovskaya odn-31

16126 -MOS
Verkhnyachskaya 36
Non-Uki-400
M-2 Verkhnyachsk 126
Cluster 5

Figure 2. A dendrogram showing the genetic distance among 42 sugar beet accessions
based on RAPD data.

and had 7 and 11 genotypes, respectively. The lowest
number of genotypes (3) was found in the fourth cluster.
3.2. ISSR analysis
Twelve ISSR primers that produced clear, unambiguous
bands were preselected. In this study, the primers generated
a total of 178 scorable PCR fragments, mainly in the range of
500–3000 bp (Figure 3). The average number of fragments
per primer was 18.2 (range: 10–17) (Table 3). Of the 178
fragments, 97.2% (173) were polymorphic, with a mean

number of polymorphic bands per primer of 14.4. The
percentage range of polymorphic bands was 76.5%–100%.
The mean GD index was 0.91 (range: 0.72–0.97).
Jaccard’s genetic similarity index was used to assess
similarity between the 42 sugar beet genotypes. Similarity
values were 0.146–0.721 between genotypes. The lowest
similarity coefficient was between genotypes 7901 and
Sakharnaya VNIISP-1, and the highest was between
genotypes Khimona and Cukoreppa.

Figure 3. Electrophoretic profile of PCR products using UBC864 ISSR primer for
42 sugar beet genotypes.
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A cluster tree of ISSR markers grouped genotypes
into 6 distinct clusters (Figure 4). The first cluster was
the largest and contained 18 genotypes from 10 different
countries. The second cluster contained only 3 genotypes.
The remaining 4 clusters contained genotypes from
Iran. Thus, as in RAPD analysis, ISSR primers were able
to distinguish Iranian genotypes from the accessions
that originated from different geographical regions. The
fifth and sixth clusters each contained only 1 accession,
indicating their divergence from the rest of the collection.

3.3. Combined RAPD and ISSR analysis
Genetic similarity indices were calculated using both
RAPD and ISSR data and were in the range of 0.272–
0.812. The highest similarity was between genotypes 8148
and 9565, of Iranian origin, while the lowest similarity was
observed between genotypes 8155 (Iran) and C. Turzii 34
(Romania).
Clusters were also generated from the combined
dataset. Six clusters were produced (Figure 5) in patterns
that more closely resembled the RAPD analysis than

Figure 4. A dendrogram showing the genetic similarity among 42 sugar beet accessions based on ISSR data.
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Figure 5. A dendrogram showing the genetic similarity among 42 sugar beet genotypes based on combined RAPD+ISSR
data.

the ISSR analysis. As in the separate RAPD and ISSR
cluster dendrograms, the combined clusters contained
unbalanced genotype numbers. The first 4 clusters
contained sugar beet genotypes from Iran, and, of these,
the fourth cluster contained only 1 genotype (9648),
suggesting that it is genotypically unique. The remaining
2 clusters, which contained 7 and 14 members, contained
accessions of geographically diverse origin.
A Mantel test was used to assess the validity of the
correlation between the RAPD and ISSR matrices and
showed that the correlation was high and significant (r =
0.92**).

4. Discussion
The effective conservation and utilization of plant genetic
resources requires thorough characterization of genetic
structure. Because of its ability to distinguish genotypes
at the DNA level, molecular marker analysis is considered
the most reliable method for this characterization. Several
molecular marker-based methods (RAPD, AFLP, SSR,
ISSR, etc.) are currently in use and allow genotypes to be
clustered according to their genetic relationships (Hu et
al., 2005; Ojaghi and Akhundova, 2010; Eröz Poyraz et
al., 2012). Combined use of several marker types enables
coverage of different parts of the genome and provides
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more informative data than the use of individual markers
alone (Josiah et al., 2008; Kumar et al., 2009).
In the present investigation, 2 PCR marker techniques
(RAPD and ISSR) were used to construct genetic profiles
for and compare the GD of 42 sugar beet genotypes of
diverse origin.
The RAPD and ISSR primers produced a highly
variable number of amplified fragments. The 12 RAPD
primers produced a total of 204 reliable fragments, and the
12 ISSR primers produced 178 fragments. Nevertheless,
the level of polymorphism revealed by ISSR markers
(97.2%) was slightly higher than that with RAPD primers
(93%). This may be due to the highly polymorphic and
abundant nature of microsatellites that results from
slippage in DNA replication; similar results were also
reported by Mathur et al. (2013) for Abrus precatorius
L. and by Srivastava et al. (2007) for Beta vulgaris L. Liu
et al. (2012a) were able to obtain a high polymorphism
rate (86.3%) using only 6 ISSR primers in 10 sugar beet
cultivars. In another study, the mean polymorphism rate
was 87.5% across 13 sugar beet cultivars using 6 ISSR
markers (Liu et al., 2012b). In contrast, RAPD markers
were found to be more polymorphic than ISSR markers
in ricebean landraces (Muthusamy et al., 2008). Different
markers might reveal different classes of variation, and
these may correlate with the genome fractions surveyed
by each kind of marker and their distribution throughout
the genome (Loveless and Hamrick, 1984).
In our experiments, 10 of the 12 ISSR markers
revealed 100% allelic polymorphism between the analyzed
samples (UBC864, UBC859, UBC814, UBC855, UBC853,
UBC851, UBC848, UBC847, UBC84, and UBC840). All
ISSR primers had high levels of polymorphism, except
UBC857. In contrast, only 6 of the 12 RAPD primers (A04,
A08, A09, A14, A19, and A20) were 100% polymorphic.
The level of genetic polymorphism obtained by RAPDs in
our experiment (93%) was higher than reported by Nagl
et al. (75.86%) in 12 sugar beet accessions using the same
marker system (Nagl et al., 2011). Our data show that both
the ISSR and RAPD marker systems used were sufficiently
polymorphic to allow detailed assessment of genetic
polymorphism in sugar beet.
GD for ISSR was 72%–97%, with UBC857 the lowest.
Nine of the 12 ISSR markers had high GD values (UBC864,
UBC859, UBC814, UBC855, UBC853, UBC851, UBC848,
UBC847, and UBC845). A similar GD range was observed
for RAPD primers (77%–93%). These results provide
evidence for the presence of wide genetic variability and
diversity in the 42 sugar beet genotypes examined.
Cluster analysis was carried out on the 3 datasets
(RAPD, ISSR and RAPD+ISSR). Clustering of both the
ISSR and combined data produced 6 distinct clusters,
while 5 clusters were obtained with the RAPD data alone.
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The clustering patterns were similar for the RAPD data
and combined RAPD+ISSR data, but less similar for ISSR
data. Genotypes of Iranian origin clustered together in all
3 dendrograms, suggesting a shared genetic background.
Lack of association between geographical origin and
genetic differences is associated with strong genetic flow,
and so it is thus likely that genetic flow to Iranian sugar
beet was minimal. However, the GD index for Iranian
genotypes was also high (75% in RAPD; 92% in ISSR).
This diversity might be related to the ecogeographical
diversity within Iran and could be due to radiation-related
mutations in different geographical regions of the country.
The pattern of clustering and subclustering varied with
the different marker systems. Two of the 5 RAPD clusters
contained only genotypes from Iran, and these were further
divided into 3 and 2 subclusters, confirming sufficient
amount of GD within the clusters. Close relationships
were observed between some of the genotypes within
subclusters, suggesting that these genotypes may have
been collected from geographically close parts of Iran.
Particularly low genetic distances were seen between
genotypes 9569-P-26 and 9597-P-26 (0.03) and between
9565 and 8148 (0.06), confirming their similarity. Low
genetic variation between these genotypes might be a
consequence of adaptation to the same local agroclimatic
conditions during the long cultivation history of the
species, and the subsequent narrowing of the genetic base
(Seehalak et al., 2006).
The Iranian genotypes fell into 4 clusters in both
the ISSR and combined analyses. These clusters were
unbalanced with respect to genotype number. The
existence of some particularly different accessions among
the Iranian genotypes led to the formation of clusters
containing only a single sample. Thus, 1 (9648) and 2
(9648 and 9586) accessions were found in their own
separate clusters in the RAPD+ISSR and ISSR analyses,
respectively. These samples were not found to be as clearly
distinct when assessed with RAPD markers alone. This
could be due to the different loci captured by the 2 marker
types. However, genotype 9648 was still found to be the
most distant genotype in the Iranian germplasm with
RAPD analysis.
The remaining clusters generated from all 3 datasets
contained geographically diverse genotypes from
3–10 countries. Accessions from some countries, most
noticeably Russia, France, and Germany, were scattered
throughout the dendrograms and were not associated
with geographical origin. This result suggests that there is a
considerable gene flow from different centers of diversity.
Conversely, accessions from some countries tended to be
grouped in 1 cluster. For example, all 4 genotypes from
Ukraine occurred in 1 cluster (along with genotypes from
other countries), and 3 of those were located in the same
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subcluster in all 3 dendrograms, indicating that these
genotypes contained the same alleles in the studied loci.
Relatively higher levels of similarity were noted between
some accessions from different countries in all 3 clusters,
particularly between M-2 (Russia) and Ivanovskaya
odn.31 (Ukraine) and between P.P. 34 mm (Russia) and
Zwanesse-3 (Netherlands).
To summarize, relationships between genotype
grouping and geographical origin were found mainly for
the Iranian and Ukrainian genotypes. The genotypes from
other countries were distributed among clusters.
Distribution of GD in a plant species depends
on its evolution and breeding system, ecological and
geographical factors, and often on human activities. Crosspollination may also play a role. Diversity in the remaining
clusters (3 clusters in RAPD and 2 clusters in each of ISSR
and RAPD+ISSR) is possibly due to germplasm exchange
between breeding centers, which contributes to the shared
alleles found in co-clustering accessions from different
geographic origins. Another explanation for the lack of
association between geographical region and molecular
structure could be the low number of accessions from
these countries. Further analysis including a larger
number of genotypes from each country should provide a
more definitive answer to this question.
The ISSR and RAPD+ISSR dendrograms seemed
initially more similar to each other than to the RAPD
dendrogram, mainly because of the unique clusters,
the number of clusters, and the clusters containing
only Iranian genotypes. However, higher similarity in

grouping pattern and genetic relationship was observed
between RAPD and RAPD+ISSR than between ISSR and
RAPD+ISSR in most cases. In addition, genotypes in
RAPD subclusters also tended to be grouped together in
the RAPD+ISSR dendrogram (Figures 2 and 5).
Close correspondence between the RAPD and ISSR
matrices was established by using a Mantel test (r = 0.92).
The patterns of variation within clusters appeared to be
largely consistent for the 3 marker systems, and both
these marker systems and associated diversity data will
be of use for designing breeding programs, conservation
of germplasm, and management of sugar beet genetic
resources. The combined RAPD+ISSR clustering pattern
analysis was more similar to the RAPD-only than to
the ISSR-only analysis, indicating that RAPD markers
provide higher resolution of genetic relationships than
ISSR markers.
This study confirms the existence of significant
variation among studied sugar beet accessions as revealed
by RAPD and ISSR markers. Our results indicated that
RAPD and ISSR markers were both highly effective for
assessing diversity in the sugar beet germplasm. The
ability of DNA-based markers to detect high degrees of
polymorphism in these genotypes prompted the possibility
of screening a higher number of anonymous loci in sugar
beet using these molecular markers. Knowledge of genetic
variability patterns among cultivated sugar beets should
allow breeders to develop new genetic combinations by
allowing selection of appropriate sugar beet genotypes for
crossing.
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